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CONFIDENTIAL
Near the end of World War II, the M*I*T# Radiation 
Laboratory devoted some attention to the subject of non­
coherent AMTI«* Two types of these systems were studied 
in detail* The first, known as Butterfly or APS-26, depended 
on extracting the envelope of the modulation produced by 
motion of a target in stationary objects* The detection 
was aural -« the human ear was the final device which 
discriminated tones due to moving targets from noise due 
to random clutter* The second type of system, known as 
Firefly or APS-27, depended on pulse-to-pulse subtraction 
by a delay line for the discrimination of moving and fixed 
targets* Final presentation and integration of the infor­
mation occurred upon the s creen of a PPI tube*
The basic difference in performance of these two systems 
lies in ability to detect very slowly moving ground targets, 
say in the range from 1 to 10 mph, and in the ability to 
scan* Butterfly detects the low velocity targets easily, 
because its integration period is of the order of l/2 second, 
but it scans very poorly* Firefly scans well, but has a 
sensitivity to low velocity targets roughly proportional to 
velocity* Its integration period is limited to a few hits*
In order to provide and get into use an AMTI capable 
of detecting very low speed targets, the Control Systems
* This paper was given February 29, 1952 at ONR MTI Conference
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Laboratory at the University of Illinois, mainly at the impetus 
of A* Longacre, has reopened the program of study and develop­
ment of the airborne Butterfly system which was put aside at 
the termination of the last war.
Our program for detectors of slowly moving targets is 
proceeding in two directions« The first is aimed towards 
getting the Butterfly system, essentially as developed in 19k$$ 
out into the service« The second is aimed toward development 
of a new system of data processing of fairly diverse possibil­
ities of application« When applied to AMTI we have labelled 
it Sinufly« This system utilizes the principles of frequency 
multiplication and long time integration; it is also capable 
of reasonably rapid scanning«
In order to present the ideas behind Sinufly, I should 
first like to describe the Butterfly system, discuss its 
performance and mention some of the reasons for its superior 
sensitivity to very slowly moving targets«
The major components of the Butterfly system are shown 
in Figure 1#
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Pig* 1 Butterfly System
Note the simplicity of the system* It consists of
lo A stable radar, made so by the simple 
expedient of triggering it in synchron­
ization with twice the power supply 
frequency so as to materially reduce 
all sources of instability due to power 
supply hum*
2* A variable position range gate 0*8>>^sec. 
long* With this, the operator can 
select the portion of the radar echos 
containing the moving target modulation*
3* A pulse stretcher which transposes the 
energy in the video pulses coming from^ 
the range gate into the audio band. With 
the X-band radar, the modulation fre­
quency is 30 cps per mile per hour of 
relative radial target velocity.
L}.* The ear* One hears not only the funda­
mental but also overtones at frequencies 
corresponding to multiples of the pulse 
repetition frequency plus or minus the 
fundamental. This produces a sharp 
clear tone readily recognized as due to 
a moving target0
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5* The AGC circuit* This maintains the receiver 
gain at a level somewhat below saturation 
in the region of the range gate, as illus­
trated in Figure 2*
Fig* 2 Butterfly Echo
The top sketch represents the A-scope trace when a 
moving target is within the range-gate* The appearance of 
the moving target echo, is what gave the system its name 
"Butterfly”* The lower sketch shows the appearance of the 
signal after box-car or pulse-stretcher demodulation* Each 
vertical line represents the video amplitude of the radar 
echo at the range-gate position* Th© pulse-stretcher essen­
tially creates the envelope of the puls© amplitudes, and this 
passes to the earphones*
In the airborne application, the choice of antenna 
beamwidth is based upon a compromise between a narrow beam
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for low clutter noise and a wide beam for good scanning 
coverage. Figure 3 illustrates the problem*
Fig* 3 Scanning with Butterfly
The relative radial velocities of fixed ground targets 
situated in the illuminated element create the clutter noise 
which competes with the signals* The greater the beamwidth, 
0, the higher the maximum frequency of the clutter noise and 
the greater the clutter noise power, all of ^hich tends to 
obscure weak low frequency signals.
Since scanning is accomplished only by virtue of the 
motion of the aircraft which carries the element defined by 
beamwidth and range gate, forward along the ground track, a 
wide beam is desirable for good area coverage*
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The horizontal beamwidth selected for operation at 
aircraft speeds of 250 mph is 7*5°* In one type of operation, 
the gate is fixed at a range of 2 to 3 miles ahead of the 
airplane. (The aircraft is close controlled by a ground 
radar and Butterfly signals besides being head by the oper­
ator in the airplane are also radioed to the plotting board 
station at the ground radar where their position and velocity 
may be inscribed accurately upon the map.)
Several examples of Butterfly tones are given in the 
following selected tape recordings. One should listen first, 
for the Butterfly tones which will have a duration of about 
1 sec« on moving vehicles. These tones appear in a background 
which will sound like a combination of white noise with some 
tone-like noise arising from clutter beat‘s  between various 
portions of the beam. One will also hear some of the 800^ 
power supply frequency as well as some of the 1600 ^  repeti­
tion frequency.
1. In this first section is heard general traffic
on the highway, antenna pointing along the ground 
track, air speed 150 mph, range 3 miles, altitude 
2000 ft., 7*5° beamwidth.
2. In the next section there is general traffic again. 
The air speed was 230 mph and the signals were 
recorded on the ground via VHP link.
3* In the next section the antenna was pointed at an 
azimuth angle of 20° with respect to the ground 
track. Beamwidth 3°, air speed 120 mph. The range 
gate was set to intercept traffic on a parallel 
highway, one mile abeam. Note the increase in 
clutter noise and fuzziness of the signal, yet 
the moving target note is discernible. The 
fuzziness is due to broadening of the signal by
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beating of various parts of the clutter 
with the moving target signal«,
1+0 The final section was taken from a stationary 
radar at our stadium laboratory, looking at a 
group of 10 men walking. A ground based set 
or an airborne set with antenna pointed along 
the ground track can readily pick up a single 
walking man at half a mile.
Our general conclusions with regard to the performance 
of airborne Butterfly are that it is capable of picking up 
low speed targets down to 1 to 2 miles per hour, without 
much loss in detectibility due to low velocity. The smallest 
percentage modulation we have observed and measured to date 
is 0.85$ for a 2]± mph target along the ground track. Per­
centage modulation is the rms signal amplitude/mean video 
amplitude.
The smallest percentage modulation observed and measured 
at our ground installation is less than 0.60$ for a target 
at 9 mph.
One observation that is very striking about the per­
formance of the Butterfly is the reliability of detection 
coupled with an extremely low false alarm rate. The ear 
practically never makes the mistake of saying a target is 
there when it isn't, even though the signal to noise ratio 
may be small.
In searching for new methods of processing radar infor­
mation, we itfere fortunate in having brought to our attention 
by the Ordnance Technical intelligence a remarkable series 
of developments by the British. Milnar and Bailey and others,
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at the Radio Research and Development Establishment at Malvern, 
England, have invented and exploited a new form of display 
which they call the À-B scope or Doppler B-scope. We believe 
that this type of display should receive more attention in 
the United States than it seems to have had*
Figure I4. is a Doppler B-scope photograph, taken from our 
ground radar, with the antenna stationary and pointed toward 
a highway*
Fig. I4-
The vertical sweep is range and is èO^ c/Sec* in duration.
There is a slow horizontal sweep of about 0*25 sec* duration 
present so that about I4.OO successive, resolved, traces of 
video are spread out side by side to form a raster or pattern* 
The scope is intensity modulated* Fixed targets have the same 
intensity on each trace while moving targets exhibit modula­
tion in intensity, giving the appearance of a row of dots or
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beads« The number of beads across the line is proportional to 
the frequency or target velocity with the usual reservation 
about ambiguity in speed*
In Figure £ we have a Doppler B-scope photograph taken 
with the antenna rotating slowly*
Pig. 5
The width of the raster now represents azimuth, in this case 
about 15°. The antenna beamwidth was 3°* Notice that fixed 
and moving targets are clearly distinguishable as straight 
lines and rows of dots of width comparable with the beamwidth* 
By bisecting a row of dots, one can obtain location of the 
target in azimuth, to an accuracy of the order of one-tenth the 
width of the row* The British have developed a precision 
artillery fire set based upon the Doppler B-scope for fire 
upon moving tanks within line of sight*
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A Doppler B-scope photograph taken with an APQ-13 in an 
airplane moving at 150 mph is shown in Figure 6.
Fig* 6
r
In this case, the antenna was not scanning, but was fixed at an
azimuth angle of 30° with respect to the ground track» Th© moving 
target shows up amidst the large clumps of ground clutter be­
cause it is periodic and because the dots lie in a straight 
horizontal line»
This photograph clearly demonstrates that the chief 
characteristic of a moving target, in contrast to clutter is 
its periodic nature» Any system which does not make use of this 
distinguishing feature is not making full use of the information 
at hand»
This photograph also shows that the periodic nature of the 
moving target is not destroyed by the presence of strong ground 
clutter»
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It appears to us that the Doppler B-scope may be useful 
in airborne applications for displaying small areas in -which 
it is desired to search for very slowly moving vehicles#
Notice that all of the amplitude information from the 
radar is present in the raster. To read it out, the eye must 
scan over this raster to see if rows of beads are present#
Or, if it is to be scanned out by ear, a range-gate must 
examine each range in sequence to see if tones are present# 
Either one of these schemes is prohibitive as far as time 
required is concerned# Scanning out must somehow be done in 
fast time to make this feasible#
In Figure 7 it is shown how the principle of the 
Doppler B-scope display could be utilized to process the raw 
radar video information in fast time# This scheme uses fre­
quency multiplication and was suggested by C. W# Sherwin.
Let us assume that we wish to process the information con­
tained in one radar beam width and pick out the range and 
radial velocity of the moving targets from fixed targets and 
clutter# The video is fed to a storage tube such as a 
Hadechon or Raytheon QK-35>7* where it is laid down as charge 
modulation on the storage surface in a raster pattern similar 
to that on the fluorescent screen of the Doppler B-scope# 
Assuming a PRF o.f 1600 in 0.1 sec. we have 160 vertical 
traces, each partially overlapping the adjacent ones but 
not to an extent which would obscure intensity modulation 
from trace to trace# If we assume a 10 mile range,
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i.e», ^lOO^^sec», and a radar pulse width of 0»5>*-'see», the
vertical trace may be divided into 200 range elements of 
0# /^A^ sec* each» The number of elements in the mosaic is 
therefore about 32,000» It would be desirable for each 
element to be capable of assuming one of 20 distinct shades 
of gray scale» The first tubes we use will probably not be 
this good»
After the complete raster is written in and stored, the 
collection of data for the radar antenna pointed in this par­
ticular direction ceases and reading out commences* The 
storage tubes may be worked in pairs so that while one beam- 
width is being stored by one of the tubes, the previous beam- 
width of radar information,will be in the process of being read 
out by the other tube»
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Read-out is at right angles to the write-in process.
Any periodicity in the stored charge pattern will produce 
a periodic waveform in the read-out amplifier. The range 
elements will be read in sequence starting at 0 and pro­
gressing out to the lOO^sec. maximum range. The read-out 
horizontal sweep speed is 25>0^ 4<>sec, which is I4.OO times 
faster than the write-in sweep of 0,1 sec. Consequently 
all the frequencies originally present as modulation will 
be multiplied by a faotor of I4OO, The total read-out time 
is .05 sec,, assuming rapid fly back of the read-out spot.
If the original modulation frequencies ran from I4O cps 
to 814.0 cps, the multiplied frequencies will run from 16 KC to 
336 KC, as shown in Figure 8,
Fig, 8 Data Processing
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These frequencies are detected by a bank of tuned filters and 
integrators which alarm when a frequency of sufficient ampli­
tude is present for sufficient time. To simplify the filter 
design problem, I4.OO KC is added to the read-out frequencies 
so that the frequencies passed on to the filter bank run from
Ipl6 to 736 KC.
The principle of the filters and integrators to be used 
with the frequency multiplier is illustrated in Figure 9*
This figure refers back to the original, unmultiplied doppler 
beat-frequencies.
Fig. 9 Heirarchy of integrators for MTI
If we assume that the targets are subject to l/2 g 
acceleration during the 0 .1 sec. interval in which they are 
being examined, then the frequency shift corresponding to the
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acceleration is 32 cps. We assume that we wish the tone to 
be contained in one filter so that maximum build-up will be 
achieved# For a filter whose bandwidth is 32 cps, the build­
up time constant (or integration time constant) is 
/C Q = “ *01 sec* Such a short integration time
would not make full use of the data, but it is necessary 
in view of the frequency selection requirement of 32 cps# 
Therefore further integration will be necessary by RC 
integrators with a 0 # 1  second time constant following 
each frequency selector# Because of the frequency multi­
plication in read-out, all the frequencies shown are 
multiplied by IpOO and the time constants divided by I4.00#
Figure 10 shows the appearance of the waveforms in 
the two stage integrator. The envelope of the output of 
the 32 cps filter is integrated by the RC integrator following 
it, and when the output of the RC integrator reaches a 
preset threshold level, the alarm indicator is triggered#
The alarm circuit produces an intensified pip on a PPI scope 
whose radial sweep is synchronized with the slow read-out 
sweep, namely #03> sec# In other words as the read-out 
progresses, the PPI sweep progresses and moving targets show 
up as single dots at the ranges corresponding to the ranges 
at which the moving target amplitude modulation occurred#
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pig. 10 Operation of 2 Stag© Integrator
The sketch in Figure 10 indicates that a fixed bias level 
might be set up on the alarming circuits* If this were done, 
a high noise level, as would occur off the ground track would 
cause a high false alarm rate compared to the rate along the 
ground track# We visualize the necessity for an automatic 
bias control or automatic false alarm rate control which will 
maintain the false alarm rate nearly constant over the entire 
area scanned*
There are a couple of interesting properties of the system 
of integration by frequency multiplication. In the first place, 
this system performs the same type of integration upon the
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signals as does the human ear, and it integrates over 
approximately the same length of time as the ear* On the 
basis of the information being processed, it should in 
principle be possible to make this system as sensitive as 
the Butterfly. The qualitative arguments for believing 
Butterfly to be more sensitive and to have a lower false 
alarm rate than pulse to pulse subtraction methods are 
that Butterfly is capable of utilizing much longer inte­
gration time corresponding to more hits on the target, and 
that the filtering and integration scheme of the ear and the 
brain increases the signal to noise ratio over the case where 
signals are compared with the entire noise spectrum. Pull 
use is made of the frequency characteristics of the signals.
If the Butterfly system as it now stands were used to 
study each of the 200 range elements in sequence, the time 
required would be excessive. This is because the ear requires 
about l/2 second integration to make a reliable distinction 
between tones and noise. The ear would therefore require 
100 seconds to cover the 200 range elements in one beamwidth 
of radar information. Frequency multiplication of a factor 
of ij.00 and the reduction of the data collection time from 
.5 to .1 second per element of range allows the entire 
storage and analysis to be performed in .l£ seconds assuming 
the constants we will use in our first system. This is about 
600 times faster than the ear could do it, and in fact this is 
what makes the sequential frequency analysis of the range
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elements feasible*
The second point is that despite the rapid analysis* the rate 
at which processed data emerges from the filters and integrators 
is much less than the rate at which the original data emerged 
from the radar* The rate at which the processed data comes from 
the filter integrator is 200 elements/*05 sec* = 1^ .000 elements per 
second as compared to 2*000*000 per sec* of the original video*
The bandwidth requirement for transmission of the processed data 
are met nicely by ordinary audio channels of radio links, or by 
telephone circuits*
A complete radar system utilizing frequency multiplication* 
filters and integrators is shown in Figure 11» We have called 
this sinufly*
Fig. 11 Sinufly
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Our emphasis on Sinufly for the present is upon devel­
opment of the data processing element, although we have 
done some thinking about the properties of the radar and a 
display which presents both range and velocity*
I should like to mention that although I have discussed 
this system from the standpoint of an AMTI* the data 
processing element will have much broader application* For 
example, it could be used to process raw radar data before 
feeding it to a computer. For this reason, our approach 
to the problem will be somewhat more general that it would 
be, were we restricting ourselves simply to the AMTI 
application*
